This study examines funding from the National Institutes of Health (NIH) to US dental institutions between 2005 and 2014 based on publicly available data from the NIH Research Portfolio Online Reporting Tools. Over the 10-y span, 56 US dental institutions received approximately $2.2 billion from 20 Institutes, Centers, and Offices at the NIH. The National Institute of Dental and Craniofacial Research (NIDCR) is the largest NIH supporter of dental institutions, having invested 70% of the NIH total, about $1.5 billion. The NIDCR is also the primary supporter of research training and career development, as it has invested $177 million, which represents 92% of the total NIH investment of $192 million. Over the past 10 y, about half of the NIDCR's extramural award dollars have gone to dental schools, while the NIH has invested about 1%. There has been an approximately 10% net decrease in extramural dollars awarded to dental institutions over the past decade; however, given the year-to-year variability in support to dental institutions, it is unclear if this net decline reflects a long-term trend. In addition, there was an overall reduction in the extramural dollars awarded by the NIDCR and by the NIH. For example, from 2005 to 2014, the total NIDCR budget for extramural research decreased by roughly 4%, which represents a decrease of $20 million to dental institutions. After adjusting for inflation, the decline in funding to dental institutions from the NIDCR and NIH was approximately 30%. Although the NIDCR and NIH continue to invest in dental institutions, if the current decline were to continue, it could negatively affect the research conducted at dental institutions. Therefore, we discuss opportunities for dental institutions to increase NIDCR and NIH support and improve their capacity for research, research training, and career development.
Introduction
Continued investment in dental, oral, and craniofacial research is vital to improving the health of the public and to the future of the dental profession. A long-standing concern of dental researchers is ensuring that academic dental institutions play a role in the generation of new scientific knowledge (Gies 1926; Field 1995; Genco 1999; Bertolami 2002; Feinberg et al. 2015) . A previous study reported on research funding from 2005 to 2009 (Lipton and Kinane 2011) to US dental schools from the National Institutes of Health (NIH) and the National Institute of Dental and Craniofacial Research (NIDCR), which is the federal government's leading funder of dental, oral, and craniofacial research. This study stated that total NIH support to dental schools from Institutes, Centers, and Offices other than the NIDCR had increased annually, while NIDCR support to dental schools had decreased in nominal dollars and as a percentage of total NIDCR award dollars. The reported percentage of total NIDCR award dollars to dental schools declined from 50% in 2005 to 44% in 2009 and was cited as a worrisome trend in an accompanying perspective (Polverini 2011) . The aim of the current study was to examine the total NIH and NIDCR funding to US dental institutions (dental schools plus 2 dental research institutions) over a longer period (2005 to 2014) and to ascertain if these downward trends were continuing.
Methods
The data set for this study was obtained from the NIH public resource on funded awards, called Research Portfolio Online Reporting Tools (RePORT; NIH 2015) . The data set includes research, research training, and career development awards to institutions categorized by institution type. We selected "Schools of Dentistry" as defined by the NIH RePORT to capture dental institutions. A breakdown of how we calculated the number of NIDCR and NIH awards to dental institutions is presented in Appendix Table 1 . The NIH RePORT funding numbers include the total direct and indirect costs for each award. All years associated with the funding data refer to US federal fiscal years. The final total number of awards to dental institutions was 5,990 from the NIH, of which 4,175 (70%) were from the NIDCR.
From 2005 to 2014, a total of 56 dental institutions received NIH awards, and 55 received NIDCR awards; these institutions compose the study population for the present data analysis. Nine US dental institutions from the American Dental Education Association's (2015) list of current dental institutions did not receive any NIH awards during this period.
Awards classified as training and career development (herein referred to as "training" award dollars) included F awards (individual fellowships), K awards (individual career development awards), T awards (institutional training awards), and the T90/R90 awards (interdisciplinary research training awards). Research project grants were defined according to the NIH Data Book (NIH 2014) . No research and development contracts were included in the data set.
NIDCR and NIH funding were obtained from the publicly available Congressional Justification of Budget Requests for each fiscal year. The total extramural award dollars were obtained from the sum of "total research grants" and "total research training" budget numbers, and the training dollars awarded are simply the "total research training" amount.
To quantify the variation in the percentage of extramural dollars awarded to dental institutions over time, we calculated the z score for each year by subtracting the individual value for each year (x) from the overall 10-y mean (μ), divided by the standard deviation of the mean (σ), using the following formula: (x -μ)/σ. Points that were >2 standard deviations outside the mean (z score >2) were significantly different and outside the normal distribution of the data set.
Results
To assess the breadth of funding to US dental institutions from the NIDCR and NIH, we examined the 56 dental institutions that received extramural award dollars from the NIH between fiscal years 2005 and 2014 (Table) . In total, 55 (98.2%) of these institutions received some NIDCR support; 10 received all of their NIH funding from the NIDCR; and about half (n = 27) received >75% of their NIH support from the NIDCR. Over the past decade, the NIDCR invested $1,449.86 million in dental institutions, which is 69.9% of the NIH total of $2,117.41 million. NIDCR support was distributed across a range of dental institutions. Of the 65 US dental institutions listed by the American Dental Education Association in 2014, a total of 46 received funding from the NIDCR. Furthermore, of the NIDCR's funding to dental institutions, the top quartile received 59.5%, and the top half received 85.4% (Appendix Fig. 1 ).
To understand the types of NIDCR and NIH funding received by dental institutions, we next investigated the distribution of funding for 3 major award mechanisms: R01 grants, research project grants, and training awards (Table) . The R01 award mechanism supports a discrete research project and is the gold standard of NIH awards. The NIDCR invested $764.92 million into R01 awards at dental institutions, which is 63.9% of the NIH total of $1,197.27 million (also see Appendix Table  2 ). About half (n = 27) of the institutions that received R01 funding from the NIDCR (52.9%) also received >75% of their total NIH funding for R01 awards from the NIDCR.
Training awards are essential to help the next generation of dentist scientists start to become independent researchers and to maintain a strong oral health research workforce. The NIDCR invested $176.95 million into training awards at dental institutions, which represents 91.9% of the NIH total of $192.49 million (also see Appendix Table 2 ). Of the 40 dental institutions that received training award dollars, 31 received >90% from the NIDCR (77.5% of all institutions), and 17 received 100% from the NIDCR (42.5% of all institutions).
The 2011 article by Lipton and Kinane determined that the percentage of total NIDCR award dollars to dental schools had declined from 50% in 2005 to 44% in 2009; therefore, we wanted to do a similar analysis to extend these findings by examining NIDCR and NIH funding to dental institutions from 2005 to 2014 (Fig. 1A) . The highest percentage of NIDCR extramural dollars awarded to dental institutions was in 2005 (52.0%), and the lowest percentage was observed in 2014 (47.1%). Across the 10-y period, the mean percentage of extramural award dollars from the NIDCR to dental institutions was 49.4%, and the median was 49.5%. To quantify the variation in extramural dollars awarded to dental institutions over time, we calculated the z score for each year. We found that the percentage of funding to dental institutions for each year did not fall outside 2 standard deviations of the overall mean for the 10-y period (SD, 1.7%; z score range, −1.4 to 1.6). This suggests that there was no statistically significant variation from the overall 10-y mean in the year-to-year funding to dental institutions; it also suggests that from 2005 to 2014, approximately 49% of the NIDCR's extramural dollars were consistently awarded to dental institutions. The highest percentage of NIDCR extramural award dollars for training occurred in 2005 (7.4%), and the lowest percentage was awarded in 2012 (4.5%). Overall, the mean percentage of NIDCR's extramural dollars devoted to training was 6.0%, and the median was 6.2%. The NIH extramural award percentage to dental institutions similarly declined from 1.1% in 2005 to 0.9% in 2014 (Appendix Fig. 2 ), and the mean and the median were both 1.0%.
The NIDCR aims to support the best oral health research across all institution types to ensure a diverse and innovative research portfolio. Therefore, we investigated the distribution of the NIDCR's total extramural and training award dollars based on the NIH RePORT classification for institution type (Fig. 1B) . In 2014, 45.6% of NIDCR's total extramural award dollars and 73.7% of NIDCR's extramural training award dollars went to dental institutions as compared to all other types of organizations. The remaining total extramural award dollars comprised 25.9% awarded to medical institutions, 12.1% to other nonmedical/nondental academic institutions, and 16.5% to other organizations, which included hospitals, research institutes, and small businesses. For training, the comparable investments were 15.4% for medical institutions, 7.0% to other nonmedical/nondental academic institutions, and 3.8% to other organizations. 
NIDCR DistribuƟon of Funding Across InsƟtuƟons 2014
Dental InsƟtuƟons To assess the trends in NIDCR and NIH support of dental institutions, we examined awarded extramural dollars from 2005 to 2014 while taking inflation into consideration using the Biomedical Research and Development Price Index (Fig. 2) .
Schools of Medicine
Although there was variability from year to year, total NIH funding to dental institutions decreased from $215.77 million in 2005 to $195.35 million in 2014 (-9.5%). Total NIDCR funding to dental institutions also decreased, from $154.42 million in 2005 to $134.72 million in 2014 (-12.8%). Furthermore, when adjusted for inflation based on the Biomedical Research and Development Price Index (2014 constant dollars), the decline in total award dollars to dental institutions from 2005 to 2014 was 33.1% from the NIDCR and was 30.6% from the NIH. The percentage of total NIH extramural dollars awarded to dental institutions from the NIDCR was stable at about 70% across the 10-y period examined.
A total of 20 NIH Institutes, Centers, and Offices provided support to 56 dental institutions in 2014 (Fig. 3) . NIDCR contributed $134.7 million (69.0%) of the total NIH investment of $195.3 million. The next-largest NIH funding Institutes, Centers, and Offices in 2014 were the National Institute of Arthritis and Musculoskeletal and Skin Diseases (5.9%), the National Institute of Allergy and Infectious Diseases (4.5%), and the National Institute of General Medical Sciences (3.8%).
Discussion
A 2011 study by Lipton and Kinane reported that the total dollars awarded to US dental schools from the NIDCR had declined between 2005 and 2009. Therefore, we examined total NIDCR and NIH funding to US dental institutions over a longer period (2005 to 2014) to determine if there was a continuation of the reported trend.
NIDCR and NIH Support of Dental Institutions
The NIDCR is by far the largest supporter of dental institutions at NIH. Over the past 10 y, approximately 70% of the NIH's extramural dollars awarded to dental institutions came from the NIDCR (Fig. 2) and remained relatively stable from 2005 to 2014. We also observed that from 2005 to 2014, on average, 49.4% of the NIDCR's extramural dollars were awarded to dental institutions (Fig. 1) . The NIDCR has been the sole NIH funding source for 10 of the 65 US dental institutions on the American Dental Education Association's list (roughly 15%), while 9 US dental institutions received no NIH funding (approximately 14%). The NIDCR's support is fairly well distributed across the dental institutions and is not highly concentrated at a small number of research-intensive institutions (Appendix Fig. 1) . Although the NIDCR is the primary NIH supporter of dental institutions, in 2014, 30% of NIH support was from 19 other Institutes, Centers, and Offices, which reflects the diversity of research occurring at dental institutions (Fig. 3) .
Between 2005 and 2014, there was a net decrease in award dollars to dental institutions from both the NIDCR and the NIH, −12.8% and −9.5%, respectively. However, the percentage of extramural dollars to dental institutions (vs. other types of institutions) has remained relatively stable, averaging approximately 49.4% across the 10-y period. In addition, although there have been fluctuations in support (the NIDCR saw a peak in funding in 2005 [52.0%] and a trough in 2014 [47.1%]), there is no significant variation from the 10-y mean in the year-to-year fluctuations, which suggests that the percentage of NIDCR funding to dental institutions over time has remained relatively stable. Therefore, the data suggest that this 10-y net decrease reflects a trough in the year-to-year fluctuations, rather than a long-term trend of reduced funding to dental institutions. Future analyses are warranted to determine if the current trough continues. Regardless of this finding, developing strategies to enhance research capacity at dental schools would be of value to the dental profession.
An additional factor in the NIDCR and NIH support of dental institutions was the decrease in total available extramural award dollars. From 2005 to 2014, the total NIDCR budget for extramural research decreased 3.6% (from $296.82 million to $286.19 million). This partially explains the NIDCR support to dental institutions decreasing from $154.42 million in 2005 to $134.72 million in 2014, which is -12.8% ($19.7 million). When adjusting for inflation, the decline in dental institution funding from the NIDCR and NIH was approximately 33% and 30%, respectively. It is promising that after a decade of minimal to no increase in the NIDCR and NIH budgets, the recent Consolidated Appropriations Act of 2016 (public law 114-113) includes an increase in support for biomedical research, with a 6.6% increase to the NIH and a 3.9% increase to the NIDCR.
NIDCR Support for Training at Dental Institutions
Since research training and career development are essential for the future of dental research, we examined the NIDCR's investment in extramural training at dental institutions (Fig.  1A) . Over the past 10 y, about 6.0% of the NIDCR's extramural award dollars has gone to training at dental institutions. There was a decrease from 2005 (7.4%) to 2014 (4.8%), which mirrors the overall decrease in NIDCR funding support to dental institutions over the 10-y period examined.
Potential Opportunities for Dental Institutions
The goal of this study was to provide data on NIH and NIDCR support for US dental institutions that could guide future decision making related to oral health research and dental professional training. It is beyond the scope of this article to make specific recommendations to dental institutions; however, some potential opportunities will be briefly discussed. To start, the 2016 budget increase for the NIDCR and the NIH is an opportunity for more dental, oral, and craniofacial researchers to apply for research and training awards. Dental institutions that receive little or no NIDCR or NIH support should consider developing strategies to increase research activities and support from the NIDCR and from other Institutes, Centers, and Offices at the NIH. In addition, although this analysis did not examine the number of applications that are submitted by dental institutions to the NIH each year, data from the NIH Data Book suggest that research project grant applications submitted to the NIDCR have been flat over the past 10 y, while submissions to NIH have increased 1.2-fold. Therefore, increasing the number of high-quality applications should be a priority for all dental, oral, and craniofacial researchers and dental institutions.
Differences with the Lipton and Kinane Study
The data presented were not intended to recapitulate the data reported in the Lipton and Kinane study but rather to provide a comprehensive follow-up to the 2011 study to examine funding to US dental institutions over a broader time frame (10 y). Accordingly, there are several differences between the current study and the Lipton and Kinane study. The 2011 study found that NIDCR funding to dental schools declined from 50% in 2005 to 44% in 2009 (a difference of 6%), whereas we observed a decrease of 2.2% (52.0% to 49.8%). Possible reasons for this discrepancy include 1) using publicly available NIH RePORT award data for schools of dentistry, 2) obtaining annual extramural research and training award dollars from the public Congressional Justification of Budget Requests, and 3) performing no manual curation of the data set. We chose this approach to allow the community to reproduce the data set and to allow future standardized analyses. In addition, to ensure that our study was comprehensive, we included 2 additional dental research institutions: the Forsyth Institute and the University of Rochester (see Table) . Although both are postgraduate dental institutions, they were included in the data set because they are important components of training the next generation of dental researchers and they receive a significant amount of NIDCR and NIH support. Furthermore, many trainees from these 2 institutions populate the research faculty in dental schools across the country.
Limitations of the Data Analysis
As stated above, the data set was derived from publicly available information on NIH RePORT, and the institution type classification was directly dependent on information entered by the submitting institution; therefore, it is possible that there are classification errors in the type of institution. Additionally, each award and the associated dollars are attributed to only 1 institution, which does not fully capture the distribution of funds to other associated institutions-a common feature of many awards. For example, the University of Alabama at Birmingham has been ranked first for the past 3 y largely due to funding of the National Dental Practice-Based Research Network, which in turn supports a number of other dental institutions not captured in this analysis. Also not included here is support from other sources beyond the NIH, including other federal agencies, state and local governments, private industry, research foundations, and sources of funding within universities.
